regenerating muscle cells at the myoblast/myotube stage. The GH receptor expression appeared to decline with increasing maturation of the regenerated muscle fibres. In hypophysectomized rats, the regeneration process and the expression of GH receptor mRNA was delayed compared with that in normal animals. It is concluded that growth hormone may affect also the early phase of muscle regeneration in normal animals. To what extent lack of growth hormone contributes to the delayed regeneration observed in the hypophysectomized rats remains to be elucidated.
It is well etablished that growth hormone stimulates growth of skeletal muscle (1, 2) . However, the growth of muscle cells during fetal development is considered to be mainly regulated by insulin-like growth factors, whereas responsiveness to GH is a rather late phenomenon (2, 3) .
Muscle regeneration after injury is in many as¬ pects a recapitulation of events occurring during fetal development (4) , and also during muscle re¬ generation IGFs, especially IGF-I, appears to be of importance (5) .
The liver is the major site of production for IGF-I, but it is also produced in a number of nonhepatic tissues (6) . In normal rat skeletal muscle IGF-I synthesis is low and the expression appears to be regulated by GH (6, 7) . However, we have shown that IGF-I mRNA is expressed by regener¬ ating rat muscle cells both in normal and in hy¬ pophysectomized rats (8) . These In control muscle from normal rats (Fig. 1) , ex¬ pression of GH receptor mRNA could be demon¬ strated in the vicinity of myonuclei in scattered muscle fibres (Fig. 1 A) . Two (Fig. 1C) . Also in some of the surviving, normal muscle fibres increased expression of GH receptor mRNA could be dem¬ onstrated, especially around nuclei. Some of these structures could correspond to activated satellite cells (Fig. ID) . At 3.5 days after the injury a similar picture was seen, i.e. there was a distinct expression in the now more mature myotubes (Fig. IE) . With further maturation of the regenerating cells, the GH receptor expression decreased, but was still sig¬ nificantly higher in regenerating cells than in the normal ones 4 days after the insult (Fig. IF) . In parallel sections incubated with the control sense probe, there was no specific signal in any of the sections (Fig. IG) . Likewise, in sections incubated with the hybridization solution without probe, no specific staining was observed.
In control muscle from hypophysectomized rats some muscle cells show staining for GH receptor mRNA around nuclei ( Fig. 2A) . After 3 days the regeneration process was less advanced in these rats than in the normal ones and no clear exprès-sion of the GH receptor could be demonstrated in areas of cell necrosis and beginning regeneration (Fig. 2B) . Four days after the ischémie insult the regeneration was more advanced and clear staining for GH receptor mRNA was observed in myoblasts and myotubes (Fig. 2D) and one day later in im¬ mature muscle fibres (Fig. 2E) . In sections incu¬ bated with the sense probe, no specific staining was observed (Fig. 2C) .
The regeneration process thus appeared to be slower in the hypophysectomized animals than in the normal rats. This was evident in sections stained to demonstrate immunoreactivity for vi¬ mentin, an intermediate filament which is only ex¬ pressed in immature muscle cells (11) . Four days after the injury regenerating cells in muscle from normal rats were larger and showed less intense staining for vimentin than those from hypophysec¬ tomized rats (Figs. 3 A and B) . Seven days after the injury the size of the regenerating fibres in the nonhypophysectomized rats was nearly normal and the staining for vimentin was only slightly increased compared with normal fibres (Fig. 3C) . Further¬ more, the expression of GH receptor mRNA in these cells was also similar to that in normal fibres (Fig. 3D) .
In the hypophysectomized rats, however, the re¬ generated muscle fibres were still rather small seven days after the injury and they showed distinct staining for vimentin (Fig. 3E) , and, as seen in serial sections, the regenerated fibres showed persistent high expression of GH receptor mRNA (Fig. 3F) .
Discussion
In the present study, expression of GH receptor mRNA in regenerating muscle was demonstrated by a simple non-radioactive in situ hybridization method. Tissue mRNA was hybridized to a digo¬ xigenin-labelled RNA probe, and after RNase treatment and rinsings, the hybridization was visu¬ alized by applying a monoclonal antibody against digoxigenin, followed by a peroxidase-linked sec¬ ondary antibody and a conventional enzyme histochemical reaction.
This method offers several advantages. It is simple and it involves considerably fewer poten¬ tially harmful chemicals than methods based on isotope-labelled probes. When, as in this case, the studied mRNA is expressed at a fairly high level, the hybridization can be visualized by a straight forward detection sequence, probably allowing for at least semi-quantification of the mRNA content in the sections. Furthermore, since the sections are not exposed to harsh treatment the morphology is well preserved, allowing for good cellular localiza¬ tion of mRNAs.
The RNA probe used in the present study rec¬ ognizes both GH receptor mRNA and GH binding protein mRNA (17) . However, in all tissues exam¬ ined these mRNAs are always co-expressed (17) . GH 
